GENERAL COMMENTS
Imbalances concerning gonosomes are less deleterious than those affecting autosomes; Imbalances leading to an excess of gene dosage (i.e. duplications, trisomies) are less deleterious than those resulting in a deficit (i.e. deletions, monosomies). Bias of sampling: the most deleterious chromosome imbalances are not seen but result in early miscarriages; miscarriages and stillbirths occur in other syndromes, and only the less deleterious are compatible with life. Some signs are characteristic of the disease. They are due to a gene effect or to the combination of genes effects. their association can be called a contiguous gene syndrome (see below). Other signs are aspecific of the region involved; they are the result of general gene imbalance and/or cell division disturbances, and may be found in many chromosome syndromes: growth retardation, microcephaly, mental retardation, low set ears... can be found in various disease with no gene similarity. Type/contertype: trisomy 4p syndrome (not herein described) exhibit some signs which are the opposite of del(4p) syndrome (e.g. flat/high forehead, aplasic/large glabella, prognatism/microretrognatism). In trisomy 4p, genes located in 4p are in 3 sets, while in del(4p) these genes are in only 1 set. This is an example of probable gene dosage specific effects. Haploinsufficiency: is a term used in case of a deleted segment with deleterious effects; it means that the remaining haploid set of gene(s) is insufficient to allow a normal function. Critical region: it was previously thought that a trisomy phenotype was due to the global excess of the extra chromosome (e.g. trisomy 21), and a deletion syndrome to the haploinsufficiency of the whole deleted segment. With the description of cases with overlapping imbalances, it became clear that some regions of imbalance had more deleterious effects, while others induced only mild disturbances. The critical segment is, in some instances, very narrow: band q22.3 is responsible of most of the trisomy 21 phenotype; it may even be smaller: the 200 kb critical segment in del(4p) syndrome. In the latter case, one has even evoked the notion of "contiguous gene syndrome". Continuous genes syndrome: some Mendelian inherited diseases have been known for long, and their deleterious effect well described. It has happen that a given patient had presented with the addition of phenotypes from different inherited diseases. A well known example is that of a patient with the addition of Duchenne muscular dystrophy, chronic granulomatous disease, retinitis pigmentosa, and Mc Leod syndrome. This patient had a deletion in Xp21, where all these genes map. Cryptic rearrangements/imbalances: it is likely that a percentage of chromosome imbalances remain undetected and/or undetectable: some of these imbalances are probably cause of major anomalies; the location of the chromosome imbalance may not be suspected if the phenotype is not reminiscent of a well known syndrome; others cryptic imbalances may have no, or slight effects, and will never be uncovered (another bias of sampling!). 
DYSGONOSOMIES AND RELATED SYNDROMES

A -TURNER SYNDROME
In a few words, Turner syndrome (or Ullrich-Turner syndrome) is a syndrome of growth retardation and impuberism with frequent cardiovascular or renal malformation, normal intelligence, due to a chromosome imbalance: 45, X and variants.
• I. Epidemiology: o 0.4/1000 female births (but 20 % of chromosome anomalies found in early miscarriages, i.e. about 10% early miscarriages). o Due to the loss of the maternal gonosome (a X) in 20-30% of cases, or of the paternal gonosome (a X or a Y) in the remaining 70-80%.
• haploinsufficiency of specific genes (in the pseudoautosomal region of X), aneuploidy effects (e.g. on meiosis), and/or fetal suffering from the lymphoedema.
B -KLINEFELTER SYNDROME
In a few words, Klinefelter syndrome is a syndrome of a normal or gynecoid male with normal intelligence or mild retardation, infertility, and possible behaviour or psychiatric problems, due to a chromosome imbalance: 47, XXY and variants.
• In mosaic: 5-10 % (may (rarely) be fertile).
• IV. Assessments: o High gonadotropins and low testosterone plasma levels. o Azoospermia in most non-mosaic cases; however, intratesticular residual foci of spermatogenesis may occasionally be found, and mature spermatozoa may permit paternity using intracytoplasmic sperm injection. o Biopsy (not needed): seminiferous tubes atrophia, Leydig hyperplasia. Treatment: testosterone replacement therapy to correct the androgen deficiency and to provide virilization; can also has positive effects on mood and self-esteem. In the male: Mental retardation is mild to severe (mean IQ = 50): from a delay in school training to the impossibility to acquire writing and reading skills. The Fragile Xq young child is often hypotonic; in the more severe forms, a psychomotor delay is already present (delay in walking...).
C -FRAXA and FRAXE SYNDROMES (Fragile Xq or fra(X)(q28))
Speech difficulties: delay language appearance, dysarthria, omissions, mumblings, echolalias (tendency to repeat the same sentences and to ask the same questions).
Behaviour problems: anguish, attention deficit, hyperactivity, impulsiveness, escape of glance, resistance to change, aggressiveness, self-mutilation, stereotypies (wings beating, "flapping") and oddities. Sometimes all these symptoms are present, and constitute an autistic syndrome.
The various studies carried out among the autists show that 5 to 7 % autists are Fragile Xq.
o
In the female: The mental retardation is mild or absent. They can present with: school difficulties (less than in the boy), memory disorders, changing mood, timidity, relational difficulties, and depressive tendency. These symptoms are often misinterpreted for social causes.
• IV. Diagnosis: the karyotype can show recurrent gaps in Xq27-q28; however, the diagnosis now rely on the molecular study of the genes.
FRAXA •
The disease is due to the hyperexpansion of a CGG trinucleotide repeats in the 5' untranslated region of the gene FMR-1 (fragility, mental retardation), located in Xq27.3.
• As a consequence of their hyperexpansion, these CpG islands become hypermethylated, leading to shut down the FMR-1 gene expression.
•
The normal FMR-1 product is a protein called FMRP, a RNA binding protein widely expressed, in particular in the brain and the testis •
In the normal population, the CGG repeat size is variable, from 6 to 54 repeats; it is inherited in a stable manner.
• Some people have between 60 and 200 repeats; this is called premutation; it is inherited in an unstable manner (you tend to have more repeats than Mummy), but stable in the individual (identical in each cell). Premutation carriers have a normal phenotype. Frequency of premutations in the population is 2.5/1000.
• Hyperexpansion of more than 200 repeats are called full mutation; they are hypermethylated (on cytosines; even on the active X); it is inherited in an unstable manner, but also, the mutation is unstable in the individual (somatic mutations).
• Almost all males and half of females with the full mutation exhibit the syndrome. It is milder in females.
Notes:
• Passage from the normal allele to premutation as never been observed.
• Passage from premutation to mutation (unstability, or expansion through inheritance) is only through transmission from a female carrier. FRAXE • Locus in Xq27-q28, 600kb distal to FRAXA.
•
Identical process of hyperexpansion of CpG islands.
• Much milder phenotype. Note: this type of unstable mutations has been found in other diseases, such as Huntington disease, a progressive neuropsychiatric disorder with CAG repeats in 4p16. 
D -47, XXX
G -XX MALE SYNDROME
• Epidemiology: 0.1 / 1 000 male births. • Clinics: Klinefelter like phenotype; sterility.
• Sex reversal can be due to the presence of male determining sequences on a X chromosome (from a X/Y interchange at paternal meiosis), or on an autosome (from a Y/autosome translocation in the father), in particular SRY (Sex determining Region, Y chromosome). Other sex determining genes, usually sitting on gonosomes or on autosomes are likely to be involved.
H -XY FEMALE SYNDROME
• Epidemiology: 0.1 / 1 000 female births.
•
The phenotype is that of a female with ovarian failure, and with or without other stigmata (e.g. sexual anomalies, limbs anomalies).
• Sex reversal in XY females can be due to mutations in SRY in 15%, or to other known or unknown genes mutations; some of these genes map to autosomes (e.g. SOX9 on chromosome 17).
I -NOONAN SYNDROME
• Formerly called Turner syndrome with a normal karyotype (46, XX or 46, XY) from the shortness and other common signs: this is why it is herein cited. It is in fact an autosomal dominant trait.
• Cardiac malformations, mild mental retardation, infertility or fertility.
• A gene maps in 12q24.
OTHER CHROMOSOME IMBALANCES
A -TRIPLOIDY
• Epidemiology: the most frequent chromosome aberration in early miscarriages; found in 20 % of spontaneous miscarriages. Stillbirths are also frequent; livebirth can occur, but the baby dies shortly afterwards.
• Karyotype: 3N = 69 chromosomes: i.e. 69, XXX, or 69, XXY, or rarely 69, XYY; due to a fertilisation anomaly: digyny: non-expulsion of the 2nd polar body; or diandry: fertilisation of 1 oocyte I by 2 spermatozoa. Diandry is 4 times more frequent than digyny.
• Clinics: Preeclampsia; large placenta, with frequent hydatiform mole; severe growth retardation; microcephaly; syndactily; heavy brain, heart, kidney and ocular malformations leading to death. 
B -TETRAPLOIDY
